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© CMOS with strained Si/SK3e layer a. 

© A method and a layered planar helerostfuctora 
comprising one of or both r» and p~chanrtet field 
effect transistors is described incorporating » plural- 
ity ot semiconductor layers on a semiconductor sub- 
strate wherein one iayer is silicon or Sificon germa- 
nium under tensile strain and one layer is silicon 
germanium under compressive strain whereby n 
channel field effect transistors may be formed with a 
silicon or silicon germanium layer under tension and 
p-cftanrw! field effect tr anslstofs may be formed wiih 
a slBeoo gorrrtaniutn layer under compression. The 
plurality of layw* may t» common to both subs*- 
ctuentiy formed p and n-channei field effect trarisis- 
SofS which may be interconnected to form CMOS 
circuits. The invertBoa welcomes the problem of 
forming separate and different layered structures for 
p and n-cftaiwei field effect transistors for CMOS 
etaritry on ULSI chips. 
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The planar heterostruciura 22 can be used in 
bciidirsg rifgii-pertotmance CMOS ctevtaes based 
on strained Si/SOe beteroslfuciures. Planar 
rfeterostructure 22 can be used in UtSI logic chips 
operated a! high fluencies and tow power con- 
sumption. The h.gh frequency is a result of higher 
electron and hole mobility and higher average car- 
rier velocity in the channel U„ layer 30 and 32. 
Ths tower power consumption is expected because 
tows* lateral electric fields are needed in order to 
saturate the carrier velocity. 

isolation between r> and p-chann*l field effect 
transistors may be achieved by torching between 
devices. Trenching may be dona by reactive ion 
etching fRIE}. in a typical embodiment, the p and. 
n-charmel field effect transistors will be seW-aligned 
with respect to its gate electrode such that the 
source and drain impiants grown by ton implanta- 
tion reach this edge of the gate electrode. As in a 
CMOS circuit, the basic block would be a simple 
inverter with the drain of one device connected to 
the source of tne other device and hotn gates 
connected together. Other logic gates can be made 
such as a NAND, NOR. FLIP ROPS. et cetera. 

Referring to figure 5, a schematic circuit of 
CMOS inverter 9 is shown. Gate electrodes 16 and 
17 are coupled together by way of lead 77 to 
provide an input to inverter 9. Drain regions 12 and 
13 of field effect transistors 10 and 11 respectively 
are coupled together by way of lead 78 to provide 
an output. The source of transistor 11 is coupled 
over fead 79 to a supply voltage Voo. The source 
of transistor 10 is coupled over lead 80 to ground 
potential or another voltage supply. Transistor 10 
has an n-channei formed in layer 32 white transis- 
tor ii has a p-ehennei formed in layer 30. 

Figure 6 is a tap view of a second embodiment 
ef the invention showing a field effect transistor 82. 
Field effect transistor 82 has a Gate electrode 83, a < 
drain electrode 84 and a source electrode 85. Field 
effect transistor 82 is formed in planar heterostfuc- 
ture 38 which is Shown in more detail in Figure 7. 
Figure 7 is a cress-section view along the few 7-7 
of Figure 6. in Figure 7 Rke references are used tor « 
Structure and fwsctrons corresponding to Figures 1 
and 2. Figure 7 shows a cross-section view of a 
plurality of layers m used to form a plurality of n- 
channef field effect transistors thereto where tor ihe 
sate of simplicity only one field affect transistor 82 * 
is shown. 

Figure 7 shows an rt-chanrtei field effect tran- 
sistor 82 having a drain region 3f and a source 
'region 92 of n-type formed, for example, sett 
aligned with the gate by ton implantation into fsyer s 
38. SemiCCtmJucto substrate 20 has a first layer 34 
of relaxed $h.&<$ x formed epitaxialfy on the upper 
surface 21 of substrate 20 where x is in the range 



trom 0.20 to 0,5. A second layer 36 of rs doped 
iVxOe, is formed epitaxiatly on layaf 34. Prior to 
forming layer 36, a p-type region 26 may be 
formed underneath the future drain region Si and 
source region 82 to prevent parasitic current Iremt 
towing througn iayer 34 or substrate 20 from drain 
region 91 to source region 82 or vice-versa, A third 
layer 3S of undoosc is formed: epitaxiaffy 

on layer 3fj. A Jourtf) layer 32 of silicon or Si } -,(Se, 
where the Ge fraction z is toss than x is formed 
epitaxialfy on third iayer 38 whereby ttw fourth 
layer 32 is under tensile strain whereby tJ 



•s split ■ 



jf-fcld 



degenerate band where tffe electron mobility in the 
i two-told band being in the range from 2,000 to 
2,500 crtVWs at 300K. A fifth layer 24 of dielectric 
matenai suen as sflicon dioxide is formed over the 
fourth layer 32 on upper surface 48- Sato electrode 
83 is formed over fifth layer 24. N-type regions 81 
and 132 are formed on either side of gate electrode 
82 in iayer 32 as shown in Figure 7. A into silicon 
layer such as iayer 44 may be interposed betwasn 
iayer 32 and layer 24 to provide s better interface 
with layer 24. 

Figure 8 is a cross-section view atang ifw line 
7-7 of Figure 6 illustrating a third embodiment. In 
Figure 8 like references am used tor structure *rtd 
functions corresponciing to the apparatus of Figures 
f, 2 and Figure 6. Field effect transistor 36 is » p 
type having a gate electrode 97, a drain electrode 
98 and e source electrode 39. Drain electrode 98 is 
in electrical contact with drain region 105 which is 
p type and source electrode 99 is in electrical 
contact with source region 108 which is p type. 
Drain region fOS and source region 106 attend 
through layers 44 arid into layer 30. Drain region 
J05 and source region 106 may bo self aligned 
wi« the gate and formed by ion imputation. Raid 
effect transistor 96 has increased hole mobility in 
its channel 100 between source electrode 106 and 
drain electrode 105. 

Field effect transistor 96 is formed in planar 
heterostructwre f02 which comprises a plurality of 
layers 103, Field effect transistor 96 comprises a 
semiconductor substrate 20, a first layer 34 of 
refaxaci Si^Gs, formed epitaxiatly on substrate 20 
where x is in the range from .20 to .5. A second 
layer 30 of Sij-yBey is formed epitaxiafty on first 
layer 34 where the 6e fraction y is in the range ot 
0,5 to i and where 1 - x is greats* than 02 
whereby the second layer 30 is under compressi ve 
strain resulting in note confinement therein. A Hiird 
layer 44 of si neon is formed uBttaxtafly on the 
second fayer 30. A fourth feysr 24 of dielectric 
material such as silicon dioxide is fofrned over ths 
ttii'd iayer 44. A gate siectrode 9? is formed over 
the fourth layer 24. Drain region 105 and source 
region 106 are formed on either side of the gate 
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electrode 97 in second layer 30 srtd third layer 44. 
An n~type region 27 may be termed below drain 
region 1QS and source region 106 In layer 34 from 
its upper surface of layer 34 to prevent parasitic 
currents from flowing in layer 34 or substrate 20 
between ejfain region 105 and source region 106. 
N-type region 27 may be formed by diffusion 
through a mask or by ion implantation after layer 
34 Is formed. 

White there has been and illustrated a method 
and a planar heterostruclure with strained Si and 
Si/Se layers for p and n-chanrtef iieki effect transis- 
tors, it wilt be apparent to those skilled in the art 
that rrKJdtficatorw and variations are possible with- 
out deviating from She broad scope of the invention 
which shall be Smiled solely by the scope of the 
claims appended hereto. 



r structure for forming both n 
and p channel field affect transistors therein 



s semiconductor substrate, 

a plurality of commensurate layers of semicoo- 25 
doctor material formed oft said substrate, said 
plurality of layers having compositions select- 
ed from the group consisting of silicon, germa- 
nium, silicon germanium snd ailoys thereof, 
at feast a first one of said layers under tensile w 
strain whereby the conduction band is below 
the Fermi level, 

at least a second one of said layers under 
compressive strain whereby the valence band 
is above the Fermi level, ^ 
a plurality of n-type regions located at least in 
said first one of said layers lor passing current 
through said first one of said layers, and 
a plurality of p-type regions tocated at least in 
said second one of said layers for passing *) 
current through said second one of said layers. 

2. Tne semiconductor structure of claim 1, 

wherein said semiconductor substrate is a sin- 
gle crystalline substrate; * 
a first layer of relaxed Si,- x Ge» is formed 
erjilaKlaly on sard substrate where the Ge trac- 
tion x is in the range from 0.20 to 0,5, 
a second fayer of « doped Si-»Ga« is formed 



a third layer of undoped SicGe* is formed ' 
epiiaxiaBy on said second layer, 
a fourth layer selected from me group eonsisi- 
ing of silicon, germankim, siiicon-germaniiim 
and aSoys thereof is formed epitaxialty on said 
fhird layer whereby said fourth fayer is under 
tensile strain, 

a fifth layer of relaxed Si.-.Qe, is formed 



a sixth layer of Si>- y Gey is formed epitaxiaiiy 
on said fifth layer where the Oe fraction y is in 
the range from 0.5 to t.O and wftae y-x > .2 
whereby sard sixth layer is under compressive 
strain. 

a seventh layer of relaxed Sii- x Qe» is formed 

epttaxiaily on said sixth layer, 

an eighth layer of siScon is formed epitaxiaiiy 

on said seventh layer, and 

a ninffc layer of dielectric material is formed 

over said eighth layer, 

3. The semiconductor structure of claim 2 

further including a tenth fayer of potysilicon 
formed over said ninth layer of diefectnc ma- 
terial and patterned flthographically to form 
gataef 



The semiconductor structure ol ciaim 2 or 3 
further including p regions passing from said 
sixth through eighth layers and n regions pass- 
ing from said tourth through eighth layers on 
either side, of ai feast one gate electrode to 
form a p-channet and 3 n-chanmi field effect 



5. The semiconductor structure of any of the pre* 
ceding claims 2 to 4 further including p-type 
and rrtype source and drain regions located at 
least in said second layer' or in said fourth 
layer. 

6. The semiconductor structure of any of the pre- 
ceding claims 3 to S further including means 
for interconnecting said gate electrodes, said p 
regions and said r* regions to form comple- 
mentary mesa! oxide semiconductor (CMOS) 
logic. 

7. ThB semkonductur structure of any of She pre- 
ceding claims 2 tb 6 wherein said first layer 
further includes p type regions and n type 
regions below the area of n channel or p 
channel transistors to prevertl parasBic currents 
in or below said first layer. 

8. A field effect transistor having a souree region, 
dram region and increased electron mobility in 
its chartnsl rjomprising: 

a firsl layer of relaxed Slt-xQe, formed epitax- 
ialfy on said substrate where the Ge fraction x 
is in the range from 0,20 to 0.5, 
a second layer of n doped Si.-^Oe, formed 
epitaxialty on said flrsl layer, 
a third layer of undopec SiwQe, formed epi- 
taxialty on said second layer. 
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FIG. 2 
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FIG. 8 
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